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The  Archer  avenue  and  Bcckwoll  street  Car  House  of 
the  Chic.i{30  City  Railway  Company  ia  located  at  the  intorsection 
of  the  streets  i^nicb.  [^^ive  it  its  name.      By  reference  to  the  plan 
of  the  buildinp;  shown  on  Plate  I,  it  will  be  seen  that  the  car 
house  is  a  structure  490  ft.  in  length  by  310  ft,  in  7/idth.       To 
reduce  the  risk  of  fire,  the  buildinf;  is  divided  into  eirht  (8) 
bays,  separated  by  brick  fire  walls.       One  (l)  bay  known  as  the 
service  bay,  is  devoted  to  the  offices,  boiler  room,  shop  and 
wreck  wa/;on  room.       The  rorniiinder  of  the  buildin^;  is  used  entire- 
ly for  ct^r  storage. 

In  designiii';;  the  roof  of  the  car  house,  it  was  fir  at 
decided  to  use  steel  tnusses  taid  a  reinforced  concrete  slab  roof. 
Tliis  method  of  construction  wau  used  at  the  58th  street  &  Cottage 
Grove  avenue  Gar  House.       In  order  to  make  this  construction  fire- 
proof, however,   it  was  necessary  to  fireproof  the  trusses  with 
metal  l.th  and  a  prepisred  plaster.       Tiiia  construction  was  found 
to  be  mors  expensive  and  less  satisfactory  than  reinforced  con- 
crete girders. 

TFiEORY  OF  THE  REINFORCED  COiiCRETE  TEE  BEAM 
As  shown  on  Plate  Vlll,  the  girders  are  both  tee  shaped 
and  recti]gular  in  section.     On  account  of  an  8  ft.  continuous 
skyli/^t  in  the  center  of  eadi  bay,  the  girders  are  rectangular  in* 
section  between  skyli  ht  curbs.     In  designinf'  the  girders,  tlie 
formulae  ,-iven  in  Turneaure  &Maurer's  "Principles  of  Reinforced 
Concrete  Construction"  were  used.     These  formulae  uro  baaed  upon 
tiie  tension  in  steel  and  are  approxlmute.     As  stated  by  the 

authors,  on  page  80,  there  are  no  Batisfactory  formulae  based  on 
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the  compression  in  the  concrete. 

The  theory  of  the  teo  beam  is  as  follows! 
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Notation 

b  *  width  of  fiaiige 

d  ■  affective  depth  of  beam 

V«»  width  of  web 

t  «  t/Lickneas  of  flange 

c  «  depth  of  newtral  axia  bolow  top  of  flange 

2  »  depth  of  resultant  compression  balow  top  of  flange 

fa"  unit  toiision  in  stool 

fc"  unit  con|)re3sion  in  concrete 

es»  imit  elonj;a,tion  of  stoel  due  to  f^ 

ec»  unit  shortening  of  concroto  due  to  ic 

E^*  modulus  of  elasticity  of  steel 

Ec*  modulus  of  elasticity  of  concrete 

n  *  ratio  of  ^\ 

T  «  total  tension  in  steel 

C  =  total  comproasion  in  the  concrste 

Hff*  resistin-;  momont  as  determined  by  steel 

Me«=  resistiiv'.  moment  as  deturrained  by  concrete 

M  «  bendin;:  moraont  ,        .     ,    ,       ^i      x       j.     j 

k  =  ratio  of  tho  depth  of  the  neutral  ajcis  below  the  top  to  d 

i  «  ratio  of  "the  arm  of  the  resistJJi^;  coi^jle  to  d 

A  =  area  of  cross  section  of  steel 

p  =  steel  ratio  A  -^  t^ 

Since  the  modulus  of  elasticity  is  the  ratio  of  the 


stress  to  the  deforniation  we  have 

In  order  to  derive  a  theory  of  flexuie  fur  concreto 


=  ^= 


beams,  two  (2)  assumptions  are  necessary,  1st  Navier's  hypothesis, 
that  a    piano  section  ol'  a  beam  before  bending  is  plane  aft  or 
bending;  2nd  that  the  material  obeyb  Hooka's  Law  that  stress  is 
proportional  to  strain. 

Tl^e  following  deductions  result  from  the  above  asaun^p- 
tions^      First, that  unit  deformations  at  any  section  of  a  beam, 
are  proportional  to  their  distances  from  the  neutral  azis.     Second- 
ly^ that  the  unit  stresses  are  also  proportional  from  the  neutral 
axis. 

?rQra  the  abov9 

With  a  comparatively  thin  slab,  the  neutral  axis  is 
generally  belov/  the  bottom  of  the  ili.nge.       It  will  be  considered, 
that  all  the  conpreasion  in  the  concrete  is  carried  by  the  flar^e« 
Unless  thu  neutral  axis  is  coincident  with  the  bott(»n  of  the 
flange,  this  assiciption  is  nut  true.        However,  the  error  is  on 


the  side  of  safj3ty. 


A/eufra/  Aa/s 
FlCjr.  ^ 
The  average  unit  cooipresBion  y  =  -^  (c  -  ^  t).       Tiiis  result  is 
obtained  by  proportion  in  the  triangle  shown  in  Pi::xire  2 
y:fc«  (c  -^t):c 
cy  »  fc  (c-it)  y  «-f~(c-^t) 

Tlie  total  coffipression  =  "c^(  ^-z  t)bt 


Ab  the  total  c<Hi5)raBsion  equal  the  total  tension 

4A«^  (c-it)  bt  (2) 

By  eliminatinf;  "l^  betwoen  equations  (l)  and  (2)  aiid  solving  for  e 

"  '  it^Vb^f  "here  n- 1;  (S) 

By  taJciiv;;  monents  about  the  top  of  the  flange,  the  vcdue  of  ^, 
tile  distance  to  the  center  of  gravity  of  the  canpressive  area  is 
found 

With  the  resisting  moment  depending;  \:^on  the  steel, 

,   ,  Ms-  Afsid-z)  (5) 

Kd-x)   is  tho  aim  of  the  resisting  couple - 

From  this  equation  f^*  j^  (d-x)  ^^^ 

With  tho  resisting;  manent  dependii^  upon  the  concrete 

Mc  *^  (c-;3't)  bt  (d-x). 

Frcan  equation  (l)  substituting  n  for  Yc 

The  applicc,tion  of  tliece  formulae  vdll  be  considered  under  the 
subject  of  the  desiga  of  reinforced  concrete  girders. 

THEORY  OF  RECTAlIGlliAE  REllIFORCED  CONCRETE  BE/JIS 
This  theory  is  given  in  Turneaore  k  Maurer*s  "Principles 
of  Reinforced  Concrete  Construction".       It  is  based  on  the  linear 


varic-tioii  oi  Uic  compression  in  the  concrete.      Tlie  notation  is 
the  saiiia  as  that  given  for  the  tee  beam. 

As  the  unit  defomationa 
vary  as  their  distances  from 
the  nfiutrtd  axis, 


•c 


and  ee  ■  ^ 


IT 


(See  the  theory  of  the  teo  beam) 


Qs    "  d-kd  a  1  -k 
ec     kd      K 


Substituting  the  value  of  n  "  -I®. 


l-k 


(8) 


The  totui  tons  ion  on  the  section  beiiy:  equal  to  the  total  ccan- 
preasion 

4A«  ifc     bkd  (9) 

Eliminating^,  "^  and  substituting^  p  for  its  vt'Iue-^g,  Uie  follow- 
ing equations  result. 


n  (/-k)  e      k 
k  ^ 


2pn  (l-k)  «  k'' 
k  =    7/2pn    +     (pn)*  -  pn  ^/o) 


This  formula  shows  ihdt   the  depth  of  the  neutral  axis  depends 
entirely  upon  the  percentage  of  steel  and  the  ratio  of  the  moduli 
of  elasticities.    Uie  center  of  gravity  of  the  ccmpreasive  area^ 
IS  at  a  distance  of  -gkd  from  the  top  of  the  section.   lli©  lever 
arm  of  the  resisting  coi;$)le  is  equal  to  Jd . 

jd  «  d-^d         j  »  1-^  (11) 

If  the  resisting  moiaent  depends  upon  the  steel, 

Ms  «  f 3  A  X  jd  «  U  pjbd*"      (12) 

If  the  beam  is  ovor  reinforfiad  the  coEpretJsion  in  the  concrete  is 
the  determining  factor,  and  the  resisting;  moment  has  tlie  follow- 
inf',  value  ^ 

Mc    *    ^fchkdxjd-    ^fckjbd^         (is) 
Solving  equations  (12)  and  (13)  for  hdj 


bd^ 


bd 


_  M 

f  s   P    j 

M 


(14) 
(15) 


THEORY  OF  SHEAB  AW  BO^JI)  STFESSES 
Uiis  theorectical  discussion  is  tfjken  from  the  ssme 
authors  as  tlie  prooedin^^^  theories  . 


j — *^T       i 


I 


Figure  4« 
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C  •  C^*»  Total  COCK)  r  ess  ion 
T  «  T  »  Total  teriBion 

V  «    Total  verticcd  Bhemr 

V  =    Unit  iiorizontcd  ahear 
dl"    Short  len{^.h  of  beam 
id*    Arm  of  resietiiY^  couple 
V"         Width  of  beam 

In  this  discussion  the  tension  axo-i  in  the  concrete 
is  neglected.    The  difference,  bet  ween  the  tensile  atresses  T  aid, 
T.will  be  qqual  to  the  total  shear  on  any  horizontal  plane  between 
the  steel  and  the  neutral  axis.  Tho  \mit   shear  v/ould  therefore 
be  equal  to  A^'\Jh  or 


Equating  the  moments  of  the  shears, 

V  (dl)  «  (T-T)  j  d 

T'-T«  -^i^  (17) 

Substituting  the  value  (T-T)  in  equation  (16) 

^'    ^  (18) 

TakiHf^  the  avenge  value  aa   .875  atid  substituting  in  (16 ) 

V.      ^  (19) 

Formula  (16)  is  applicable  to  tee  beams  as  well  as  rectangular 
beams.   If  (d~it)  is  substituted  for  jd,  the  error  ?.'ill  be  very 
small ,  and  on  the  side  of  safety . 

'  "   btd-it)  ^^^^ 
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As  previously  stated  (T-T)  is  the  shear  on  any  horizontid  plane. 
Per  unit  of  len{^h,  this  shear  will  equal  -^^ 
If  U  equals  the  bond  stress  per  lineal  inch,  then 

U    «•    TrI  and 

a 

n  -  ^  (a) 

By  dividing  U  by  the  sum  of  the  perimetere  of  the  steol  sections, 
the  bond  stress  per  unit  area  of  steel  is  obtuined» 

SPAOlMCr  OF  GIRDERS 
A  series  of  calculations  each  sirailai*  to  those  which 
follow,  lead  to  the  adoption  of  16  ft.  as  the  moot  econcaaical 
spacing  of  the  girders. 

BEMDiiiG  mimv! 

In  ordor  to  determine  the  effect  of  settjlement  of  the 
supports  of  a  continuous  slab  roof  an  invest i£ii.i.t ion  was  made  of 
a  roof  slab  of  five  (5)  spuns.        Tlie  slab  was  eissumed  to  have  a 
thickness  of  4-1 /2".      Hie  weii^t  of  the  roof  was  55#  per  sq.ft. 
The  theory  used  in  determining  the  bondiiTg  moments  of  the  con- 
tinuous spans,  was  the  graphic  method  devoloped  by  Prof.  C.  E. 
Greene  in  his  "Trusses  and  Archer,  Graphic  Method  Part  II*. 
IliQ  four  equations  necejiiaary  for  det^nniniiig  the  piar  ordinates 
for  a  beam  of  five  (5)  spans  are  as  followsl 

H/(2U+lb)y,  +U>yJ«  6H(^g^)+6Sl(^»^)  (22) 

nflsv,  +  2(ljp  +  lij)y,  +  Lcy^  6H(^  +  ■T|^^^I(^  "^  ^)     (23) 
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H/Lcy,+  2(Lc    +     U)  73+  l_d>;y^  6H(^  +  ^)-6EI(^  +  ff )     (24) 

n/ldy^^  ^(Id  +  l_e)yj=     6H(^  ^  ||')  -  6E1(^  +  ^)  (25) 

A  rafGrenoe  to  Plate  II,  and  the  followint^;  notation  v/ill  explain 
the  purpose  of  Hiese  equations: 

H  =»  Pole  diBtiincQ  in  the  stress  dia^urnfj,  =  500# 

la  lb  Ic  Id  and  le  represent  the  ler^^ths  of  the  five  (5) 
Bpane,   in  this/,all  equal  to  16  ft. 

y^    y^  y^and  y^  represent  iha  ordlnates  under  the  eupports 
in  the  equilibrium  polyene.      Trie  purpose  of  the  equations  is 
the  detaiminj.tion  of  the  vj.dues  of  theae  ordinates.      They  are 
the  only  unknovm  quantities  and  when  their  Vcdues  are  found,  the 
closint;;  lines  of  the  poly^onfi  may  be  drawn, 

A,  B,  0,  D,  E  are  the  aretui  inclosed  by  the  equilibriian 
poly ;on8  and  the  horizontal  line  R/  R^» 

These  areas  are  all  equal  to  40.5  sq.fL.  in  this  problem. 

<i  and  a'  represent  the  dibtuiicea  from  the  center  of  gravity 
of  the  area  A  to  the  ?i.eft  aittl  rirjlit-hand  supiiorts  respectively. 

bb' cc',  etc.,  represent  ainiilttr  distances  for  areas  B,  C,  etc. 
Hiere  the  BUpporte  are  not  on  the  sume  level,  the  de-      / 
flections  of  the  points  of  stJ^Jports  va,  vb,  vc,  etc.,  bulow  or 
above  B«»iie  line  of  reference  must  be  taken  into  consideration. 
In  order  to  determine  the  effect  on  the  adjacent  spans,  if  one 
(1)  support  should  settle,  R^was  considered  to  have  settled 
distances  1*,  lA'  arid  l/4";   all  the  other  supports  bein^,  on  the 
saLio  level.     In  considering  equation  (22)  involving;  la  and  lb,  the 
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tangent  or  refaronce  line  passes  tlirou^  E;2.       Tlioref  ore  va  »  0 
and  vc  hae  a  voluo  of  +  !•,  vdth  1"  of  aettlement.     For  equation 
(23)  the  tangent  paBaea  throu(^  R,        TIhe  valueaof  vb  i\nd  vd  "»-l". 
E  is  the  moduluB  of  elasticity  of  the  concrete,  which  was  taken  e& 
2,000,000.         I  io  moment  of  inertia  of  the  section  which  was  equal 
to  91. 

Determination  of  y^   y^  y^  Sr  y^    with  the  si5)porty  on  the 
same  level, 

Substitutirv^,  in  equation  (22) 

64^,+   ley,^  6(^  +  |r) 

4y,  +  y^  *     15.15 
V  «      1545 -Y^ 

Equation  (23) 

Eqij.ation  (24) 

Equation  (25) 

jTy  +    'iy-it  *    15.15 

Solvin{^  these  aquations,  the  follovring  V"J.ue«a  were  obtained: 

y/  •   y^  '   S'l^  f^« 
y^  =   y^  =    ^:.s'^  ft. 

Havirr;  the  valuesof  y,     y;2    y^  and  y^  it  v/ae  only  necessary  to 
lay  these  distances  oif  at  the  points  of  support  as  sho;vn  on 
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Plate  11.        The  closinf?  lines  were  drasm,  connecting  the  erbrem- 
ities  of  the  y  ordinatoB. 

1"  settlement  of  R3 
With  the  tangent  passing  throu^jhi  Rjg,va»0      vc»  +  l" 
Substituting  in  oqimtion  (22) 

500  X  16(4y,+y>16xl5.l5z500  +  ^3^2^000 ,000x91  i-j^l 

A  .V  +  ^  «  V.  ^p^  -t.  12 .000 .000x91  ^       1  , 
4/y, +  ^2*  20.08 

Equation  (23)  tangent  throuf^h  R  3 

vb  *  vd  =-1" 
y,  +    4-^2  +y^    •    5*29 

Equation  (24)  tangent  throi^  R^ 

VC  *  +   1*         78  *  0 

y;.*  '^y.-^y-^'^  20.08 

Equation  (25)  tan^^ent  tlircugh  Tij- 

?d  «  vf  =•  0 
y^  +    4^^  «    15.15 

Solving  the  4  equatione  for  the  4  unkno\inis: 

y,   =        5.31  ft. 

y^  «     -1.19  ft. 

y^  «        4.65  ft. 

y^  «        2.62  ft. 
Having  these  values  the  cloRing  lines  were  dram,  ao  in  the 
previous  oaso.        For  a  settlarnent  of  l/2"  for  R^,  the  values 
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of  the  y  ordinatee  are  as  follows: 

y,  ■   4.25  ft. 

Iz   ■    .6  ft. 

y^  -   3.52  ft. 

y^  «      2.91  ft. 
By  coD5)arijig  the  values  of  y    it  is  seen  that  a  1/fe*  settlement 
of  Pj  increases  y^  frcm  S.19  ft.  to  4.25  ft.  or  there  is  an  in- 
crement of  1.06  ft.     An  additional  settlement  of  l/2",  increases 
y^   to  5.31  ft.  on  an  increment  of  1.06.      This  relationship  is 
true  for  y^  ,  y^    and  y^.      Having  establiatiod  the  values  of  y 
for  any  given  settlement,  it  is  possible  to  draw  the  clos- 

ing  lines  for  ajiy/,s8ttleanent  v/iihovt  further  calculations.  For 
each  span,  the  closia'3  lineshave  a  ecHnnon  point  of  intersection 
as  will  bo  seen  by  referring  to  Pirate  11. 

With  the  cloaine^  lines  drawn,  to  obtain  the  bending 
moments,  it  is  only  necessary  to  scale  the  ordimites  from  the 
closin::  lines  to  the  equilibrium  polygons,  multiplying  these 
ordinates  by  H.  On  Plate  III  is  a  table  showing  the  maximum 
positive  and  negative  bending  moments,  and  also  the  points  of 
inflection  for  various  conditions  of  the  supports.  Prom  the 
table  it  is  seen  that  for  the  intermediate  panels  the  maximum 

12  Wl  ^ 

positive  moment  is  -^-w    and  the  maximum  negative  moment  -^§79 

In  desiring  the  roof  slab,  on  account  of  the  possible 
lack  of  full  continuity,  a  c(arg)romised  value  for  the  positive 
bending  moment  was  used.     Tliis  value  was  midway  between -g- 
for  a  simple  span  and  -^^  for  a  continuous  span,  or  -j^^ 
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For  the  negative  moment  a  Talue  of  "j^  was  used.   Tliis  valuo 

would  take  care  of  a  posBible  settlement  of  l/4". 

DESIGN  OF  'JITE  REINFORCED  OONCE^ITE  ROOF  SLAB 

The  thickness  of  the  slab  was  taken  as  4-1/2",  giving 

a  dead  load  of  f)5#  por  sq*  ft.   With  a  snow  load  of  26#  per  sq. 

ft.,  the  tctal  load  becomes  BOi^  par  sq.  ft. 

Reinforcerueait  to  resist  positive  bending  mcment.   Width  of 

slab  12" . 

„,    fill    ,     80x256^2     _     ,,,  ,.^  .       - 
M  ■  14T^  rO  1/,100  in.  # 

Formula  (12)  reives  the  required  area  of  steel 

j  depends  upon  k,  p  and  n.      The  value  of  j  can  be  calcu- 
lated from  the  formulae  (lO)  aiid  (11 )  previously  f;iven.     It  is 
nudi  simpler  to  use  the  diagr^®  given  on  Plate  X"  which  was 
taken  from  Tumeaure  &  Maurer's  •Principles  of  Reinforced  Con- 
crate  Construction*  pa^^  57. 

r.r.r.n  !§  30,000.000  _ 

Assume  p  »  .0083        n  «=  f?      =    '2jj00,0D0  "  15 
From  the  diagram  for  p  «  .0083  and  n  "  15,  j  =  .875  and 
k  «  .390  d  the  effective  depth  is  3.5"  f  =  16,000# 

p  r  sq.  in. 

A  «    1600(52.8Vbx3.5'  '^^  8^'  ^* 

Considering^  only  the  concrete  above  the  center  of  the  rein- 
force'iiont,  the  area  por  ft .^  width  equals  12x3.5  «  42  sq.  m. 

p      «    ^    «     .00833 
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The  value  aaaumed  of ^  ie  correct.        This  percentage  c^ox 
only  bo  obtained  by  trial.      The  efpacirr;  for  l/z*  square  rods  is 
as  follows;         The  area  of  a  1/2"  square  rod  is  .25  sq.  in. 
The  number  of  rods  required  per  ft.  «  -^  «  1.4         -j^  =  8-l/2» 
spacing. 

8*  spacing  was  actually  used  in  the  roof. 

He inf ore® lent  to  resist  negative  bending  moment. 

Assume  p  =  .012  j  therefore  equals  .85  and  k  equals 

.445 

M  .  ^  «      803^5642        ,    24^gQo  in.  # 

A  "    ISODfeHSBTB    *     'Sl^  sq.  in. 
P  ■  ""^    *      'Ol^S 

Spacing  of  l/z*  square  rods 

-ft|^  =    2.06  rods  per  i^'^^  »     5.83» 

6*  spacing;  was  used  on  the  roof. 

BOND 
The  stress  on  the  bottom  rods  resisting  the  positive 
bending  mcanent,  becomes  zero  at  the  points  of  inflection.  Takir^g 
the  shear  at  the  point  which  averages  4  ft.  from  the  supports 
the  following  bond  stresses  result: 

V  »  80  X  4  -  320#      j  »  .875    d  =  3.5 
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U  =    |§0  ,    ^    =  104.5# 


For  8"  Bpaciiif;  the  sum  ofy,peri!iirjters  per  ft,  width  of  slab 
=  2x1.5  =  3  incliea. 

^Q|«5  a  34. 8#  per  aq.   inch 
For  the  top  or  negative  reinforcing  rods 

"       .8.)xo,5 
For  e"  epuciiiF,  the  sum  of  the  i'erimeters  ■  2xE  «  4  inchSB 

■^3^  «  53,75#  per  sq.  inch 

Tiiese  values  for  bond  atresaes  are  not  hi,c^«       For  Johnson 
corrugated  bars,  which  were  used  in  the  roof,  the  experilQcints  of 
the  University  of  Illinois  given  in  their  Bulletin  i^,  show  that 
the  avercjga  ultimate  bond  stress  to  be  595^  por  square  inch  for 
1/2"  square  bars. 

SHEARING  STRESSES 
Frora  formula  (19) 

^     TT-d 
The  maximum  shecir  V  «  l40# 

V  »  f^^^  5  "  17. #  sq.   inches 
E  D  P/>>IEL 
Tlie  calculations  for  the  end  prUiels  are  exactly  similtr 

to  those  for  the  intunnediate  s^ans,  except  for  the  value  of  the 

«!*•       '^^  length 
bendiu';  mornent.      The  value  of  M  was  t vicen  as  ^^ 
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of  the  end  pojiels  Ib  15  ft,  and  the  spacin  •  of  the  bars  5-l/2*. 

Tlie  amount  of  reinforcaricait  necessary  to  resist  the 
teinperotura  and  shrinkage  stresaes  can  only  be  ruu>^y  estimated. 
With  a  temper.^turo  rori^je  of  50®  F,  the  strees  in  the  steel  v.'ould 
bo  502.0000065xE  •  '^^750^'  pi^r  eq.  inch,  where  the  coefficient  of 
expansion  for  i.teel  is   .0000065  pur  degree  F.       Larr,e  cracks  can 
not  fonn  in  the  concrt^te,  unless  the  steol   is  stretched  beyond 
its  elastic  limit.       Assume  the  concrute  to  have  a  teriBile  strengt^i 
of  200#  per  sq.   inch,  and  the  elastic  limit  of  the  hi^jb  carbon 
stool   i'u  60000#  por  sq.   inch 

r,       s       200 M        flOA 

To  resist  toraporature  and  shrinkugo  stresses  transverse  to  the 
diroction  ol'  -the  main  reinforcement,,l/2"  square  corr-Uf^uted  bars 
were  arbitrarily  spaced  1  ft.  a^j-ii-t.       Tl  is  cor.-  esponds  to  a  v-lue 
of  p  of  .006.        In  the  dir^jction  of  the  span,  additional  rein- 
forceiiient  v/as  added  by  running  ev  ry  third  one  uf  the  top  rods 
the  entire  length  of  nptoi,  and  every  second  one  of  the  bottom 
rods,  as  shown  on  Plate  .v/IT 

skyi.1';ht  cinRB 

Loads! 

Assume  the  curb  to  carry  Z  ft.  of  the  adjacent  slab: 

Skylifjit      1^5#  per  ft. 
Show  50^     ■       " 

Slab  160/-     ■       " 

'62>tfif  per  ft. 


IS 


H  «    jd!  ,  535y|56ja2  ,  129OOO  inch  lbs. 

With  a  width  of  curb  of  8" ;  and  with  p  «   .0125 

^*«  129000  «     95 

^  "    82.G5xl6000x.0i2b 

where  k  -   .45  and  j  "   .86,  d  =  9.75" 
Total  depth    11.75" 
Reinforce  lent  of  two  (2)  -  7/8"  round  rods. 

DB31GN  OF  THE  REINFORCED  CONGRBJTE  GIRDERS 
With  a  girder  spacing  of  16  ft,,  the  roof  load  to  be 
cariied  anounts  to  16xB0#  or  1280#  per  ft.  or  girder.      Tlia  dead 
load  of  the  girder  must  first  be  assumed.      Having  rnade  several 
trial  calculations  for  the  required  depth  with  a  given  v/idth^the 
dead  load  can  be  determined  exactly,  and  the  depth  ref  i^^ured. 
Assume  the  width  of  the  hem  to  be  one  (l)  ft.      Owing  to  the 
pitch  of  the  roof,  vAiidi  is  1"  per  ft.  tho  dead  lot^d  varies  from 
a  minimum  at  the  support  to  a  maximum  in  the  center. 

As  each  bay  of  the  oar  house  has  an  eiajai  {&)  ft.  con- 
tinuous skylitit,  the  tee  shaped  girder  is  only  effective  from 
the  points  of  support  up  to  the  skylic^t.      Oh  Plate  IF  the 
dead  ;iJid  live  loads  of  the  girder  are  shown. 

For  the  Tee  section,  a  certain  width  of  slab  may  be 
considered  as  a  part  of  the  girder.  Just  how  much  of  the  slab 
is  effective,  it  is  in5)ossible  to  determine.  Various  formulae 
and  rules  have  been  proposed  for  determining  b  the  breadth  of 
slab.  The  Prussian  Regulations  of  1904,  give  the  permissible 
width  as  less  th.n  one-third  (l/s)  the  length  of  the  span;  the 
French  and  British  rules,  less  than  throe-quarter  (5/4)  spaxiing 
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of  the  beams.         If  thecu  rules  tLre  ap];lifed.  to  the  case  under 
conyider-.tion,  it  would  mean  that  anything  under  l'^  ft,  could  be 
considered  as  the  effective  widtJi  of  the  slab.       In  the  June, 
190P  Bulletin  of  the  Corrugated  Bur  Company,  a  table  of  formulae 
for  tee     betons  is  given.       For  4-l/2"  slab,  v/ith  Jtn  effective 
girder  depth  of  24",  the  formula,  is  b  »  .152  b'l-  ;^-j^'.     b'  = 
breadth  of  beam  «  12^'        1  =  lon^^th  of  spijn  «  ii7  ft.     b  «  62.5*. 
The  value  of  b  used  in  desif^ning  the  girders  was  4  ft. 

Prom  equation  (S)        C  «        l^nA^^btf 

In  order  to  facilitate  the  solution  of  these  formulae, 
a  diagr^fii     \ms  made  (PlateEZ"),  which  '-ivee  values  of  C  and  T 
fur  various  vi^dues  of  A  and  d.        Tno  quantities  n,  b  and  t  are 
constant  for  this  particular  problem.       n  =  If;        b  «  48*  and 
4.5* .         The  intersection  of  the  lines  representing  the  depth 
of  the  girder  and  the  area  of  the  steel,   is  horizontally  projected 
to  the  right  givin>i  the  proper  Vidue  of  C.         This  value  of  C 
when  projected  horizontally  to  vn  intersection  with  the  curve  on 
the  ri;i^t-hand  side  of  the  diagrom,  will  give  the  proper  value 
of  X  vertically  above  the  point  of  intersection. 

The  bending  moments  for  desi^^^ning  the  various  sections 
of  the  ^-irder  t^-e  found  fr«n  the  dia^pr.m  on  Plate  ZF  .     Sections 
wore  taken  two  (2)  ft.  apart  correspondii:ig  v.'ith  the  points  at 
which  the  loads  wore  assumtjd  to  be  applied.       Section  7-1  Ordinate 
=  82"     H  -  40000.       Bendir/'  momont  «=  82  x  40000  «  3,280,000  inch 
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pounds 


bd" 


bd 


Is       PJ 


Formula  (12) 
Form^ala  (is) 


Applying  (12) 


^    "      16000x.0U5x.C5il2    "    1^48 
d    "    41.8" 


Applying  (i;^) 


H*  «  3.280.000 

d    »    45,5" 


2083 


From  formula  (z^)  the  depth  is  dependent  upon  thc5  oteel  and  in 
(/^)  the  compression  in  the  conrete  is  the  controlling!;  factor. 
Tlie  maximum  value  obtained  was  45.5  inches  for  the  effective 
depth.       In  the  design  the  effective  depth  was  taken  as  45"  and 
the  tot  1  depth  48".       In  aolvin^^  the  above  formulae,  the  follow* 
ing  vduee  were  used  fs«  16000#,  fc   »  700#,  p  »  .0115,  j  «   .85, 
k  =   •44.       The  value  of  p  v.^as  found  aftt^r  several  trials.     It 
corresponds  to  a  reinforcerient  of  6,12  sq.  inches  or  ei^t  (8)  - 
7/8"  square  rods.    Having  assuiiied  p,  the  corresponding  values  of 
j  and  k  were  found  from  Utte  V,  where  n  =  15.     Havinr^  assumed 
eif^t  (8)  7/8"  square  rods  for  the  reinforcerient,  the  stresses 
in  the  steel  and  concrete  will  be  calculated. 
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Section  #3.      Tlie  depth  at  this  point  is  tlie  result  of 
several  trials.      Having-  determined  upon  the  effective  depth  of 
36,5",  the  depths  of  all  aections  were  fixed  by  the  slope  of  1" 
to  the  foot  of  the  roof.       Referring  to  Plate  V     ,  C  «  12.5"  and 
X  =  2.08"  for  d  =  36.5"  aiid  A  »  e^Z.-^<n^. 
Substituting  these  v;jlues  in  (6)  and  (?) 


Section  #6 


Section  #7 


„    .       ,Ms  ,        5.160,000 


fc 


Section  #4 

fs 

fc 

Section  #5 

d 

f^     c^ 


24.5' 


14800x12.5  ^ 
15x24 —  " 

C  «  11.8" 
=     15S0O# 


14800# 
514# 
X  «  2.07" 


A  «  6,2-s«3. 


15300x11.8  .     f-v/vA 
15x22.7      "     ^"^ 


d  «  32.5"       C  «  11.5"       X  «  2.065"       A  «  6,2  sq.in. 

,,     ^       2B40,000  innnrw' 

is  "    6^x3(5 .4b5    =    15000^- 

f c  «      15000x11.5  »     548# 
15x21 

d  «  30.5"      C  *  10.7"      X  =  2.05" 
fc=      M^mi=     515# 


A  =  6.2  sq.in. 


d  «  28.5"       C  »  10.2"        X  «  2.03" 

f c  «  12700x10.2  »  472# 
15x18.3 


A  =  6.2  sq.in. 
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The  stresses  bein^-^  lov/  at  this  section  with  eif^t  (8)  T/fe"  square 

baro,  tv7o  (2)  bjjrs  were  turned  up  -tt  section  i'^a.,  1  ft.  beyond 

eection  #7.      Tlie  Btresses  for  section  #?'a  vdth  six  (6)  bars  are 
as  follo\?8: 

d«27.5"         C  •  8.4"  X-1.97''         A  «  4,6  Bq.  in. 

^      =    1.750,000  »  i.o^Aji 
f c     -    .14900x8^4  «  45i8# 
Section  #8  d  «  26.5"       G  «  8.k:"       X  «  1.97"         A  «  4.6  sq.in. 

fa       as       It  560  .000    s    K-iApn* 

fc    -    l^^^B^JS  «  415# 
Section  #9  d  •  24.5"       C  »  6.2*      X  «  1.82"        A  »  5.1  sq.in. 


14g00x6,2 
fc     «    "TBxTffrr  »  321# 

The  above  stresses  indicate  that  it  is  safe  to  turn  up  the  second 
pair  of  bars  at  this  point,  loairins  lo'ir  (4)  bars  to  run  horizon- 
tally the  entira  length  01  the  girder. 
Section  #10        d  -  2E.5"      G  «  6.0"      X  »  1.81"        A  -  3.1  sq.in. 

240.000 
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SHE/vRlMG  STRESSES 
•Die  Bhearing  stresses  axe  tabulated  on  Plate  VII  . 
The  total  shear  Vwas  taken  from  the  shear  diagram  on  Plate  IT, 
Equation  (20)  gives  the  unit  shear  for  a  tee  beum  v  =  b'Td-H) 
As  an  example  of  calculating^  the  area  required  for  the  etirnipB, 
section  #  will  he  considered.      The  method  of  determining  the 
number  and  size  of  the  stirrups  is  only  an  approximation  and  not 
exact.       It  is  genertdly  considered  that  a  unit  shearing  stress 
of  30#  pc:r  square  inch  in  the  concrete  is  s<ife.    When  the  Btresses 
are  greater  than  this,  it  is  necessary  to  provide  steel  to  take 
care  of  the  shear.       In  makin:^  the  calculations  for  the  girder, 
steel  was  provided  to  take  Citre  of  the  unit  shearing  stresses 
above  30#  per  square  inch.         In  section  #8,  v  »    291    '^  V7.60# 
per  sq.  in.        77,60#-30#«  47.60# 

The  amount  of  steel  required  in  a  length  e  lual  to  d  or  26. 5*  * 
(T-aQ)V(d-it)  .    47.60^91  .  .865  .q.  in. 

The  stirrups  used  in  the  girder  were  made  up  of  two  (2)  U  shaped 
sections  of  l/2"  round  corrugated  bars.      Each  stirrup  had  a  total 
cross  sectional  area  of  .7854  sq.  in.       If  .865  sq.  inches  of 

a, 

steel  were  required  in^length  of  26.5  in.,,  the  theorectical 
spacing;  of  the  stirrups  would  be  24  inches.   In  the  design  the 
theorectical  spacing  was  not  adhered  to  as  the  stirrups  were 
placed  much  closer  than  required  by  the  calculations.  The  reason 
for  this,  was  the  uncertainty  of  any  determinations  of  this  kind. 
Furthermore  vertical  stirrups  were  used,  .viiich  are  not  ae  effec- 
tive as  inclined  rods.   Vertical  stirrups,  howevur,  are  easier 
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to  place  in  position  and  interfere  less  V7ith  the  filling  of  the 
forme  with  concrete.   No  account  was  taken  of  inclined  reinforc- 
ing bars  in  resisting  shear. 

FOKiS 

Details  of  -the  fonns  are  shown  on  Plate  VIII,      Long 
Leaf  Yellow  Pine  w^is  used  for  the  forms  except  for  the  1"  boards 
and  some  of  the  small  braces.      For  roof  boards,  Hemlock  was  used 
and  Norway  Pine  for  the  braces.      To  facilitcAe  handlinrr  the  formt, 
girder  bottoms  wore  made  in  three  (s)  sections;  arid  the  sides  in 
five  (5)  sections.      The  6'j6*  posts,  two  (2)  for  each  girder, 
carried  a  load  of  16,500#  e:ich.     The  actual  cross  section  of  the 
posts  was  30.25  sq.  in.,  giving  a  unit  compression  of  545#  per 
sq.  in.      This  load  was  distributed  over  a  plank  foundation  having 
an  area  of  16  sq.  ft.        The  average  settlement  of  the  posts  when 
the  forms  were  filled  was  3/fe  of  an  inch.     To  take  care  of  this 
settlc3ment  the  girders  were  given  a  camber  of  1*,      When  the  roof 
was  completed,  it  v/aa  found  that  all  the  heavy  form  lumber  of  2* 
thickness  or  more  was  practically  as  good  as  new,  after  having 
been  used  three  (3)  times,       Tlie  lighter  naterial  had  no  value 
after  being  used  the  same  number  of  times, 

CONSTRUCTION 

The  concrete  for  the  roof  was  a  mixture  of  1  :  2-I/2  :  5, 
the  stone  being  small  enough  to  pass  throw^^  a  l/2"  ring*     Two  (2) 
machines  were  used  for  mixin^^  the  concrete,  which  was  hoisted  to 
the  roof  in  vdie  el -barrows.     The  roof  slab  was  made  of  4"  of  con- 
crete on  top  01   wliich  was  placed  l/2"  of  1  :  3  coment  mort  -t. 
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Tne  mortar  w&s  UBod  in  order  to  mvke  the  roof  watertiQlit,  as  the 
roof  was  not  covered  with  any  waterproof  material.      Joints  bet- 
wean  one  day's  v/ork  ;ind  the  next  wero  placed  half-way  between 
girders  where  the  diear  vras  zero.      For  the  concrete  that  was 
placed  in  r.ood  weat^ier,  the  slab  foims  and  girder  sides  were  left 
in  plfxo  for  ton  (10 )  days,  and  the  girder  bottcasiB  and  posts  for 
three  (S)  weeks.    Per  work  done  in  freeiiing  weather  the  slab  forms 
were  left  in  place  for  foui*  (4)  weeks  and  the  girder  posts  for 
ail  (6)  weeks.      Photographs  taken  by  the  v.riter,  when  acting  as 
Sngineer  in  Charge  of  construction,  are  ahov-Ti  on  Plates  IX,  X  and 
XI. 

EXPMSION  JOltlTR 
Provisions  for  expansion  weje  made  ut  all  points  of 
bsai-ing.     Strips  of  #18  ^uge  galvanised  iron  were  placed  over  all     ' 
walls  to  bre::k  the  bond  betwecan  the  concrete  slab  and  the  brick  worjt 
On  Plate  VIII,  detr^ila  are  shown  of  the  expansion  joints  at  the 
end  walls.     With  a  temperature  rango  of  50  degrees  F.  the  theoret- 
ical exp^ansion  and  contraction  would  be  nearly  2  inches  for  a  roof 
490  ft.  long. 

Expansion  per  degree  F.  «  .000006 

Expansion  for  50  deg*  F.    «     .0003 
.0003  X  490  «   .147  ft.  «  1.76* 
Sufficient  space  was  allowed  over  the  walls  for  an  expansion  of 
two  (2)  inches.     The  actual  movement  of  the  slab  between  suznuKtr 
and  v/inter  averaged  0/4  of  an  inch.     As  the  car  house  is  heated 
in  winter,  the  temperature  of  the  roof  slab  does  not  v^iry  50**  F. 
during  the  year. 
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